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1. The Discovery of the Top and its Implications on the Higgs Mass
The most interesting recent development in particle physics is the indication
from CDF at the Tevatron that the top quark has been probably detected with a
mass m
t
= 174  17 GeV, as presented in the talk by Nodulman
1
. As we have




, this value is well compatible with
the indirect determination of m
t
from precision electroweak data. This result is
important rst because it further restricts the possibility of new physics beyond the
Standard Model. For example, it is no more possible that the true value of m
t
is
the relatively small value suggested by the results on  (Z ! b

b) and that some new
physics eect is responsible for the higher value obtained from extracting 
1
= 
from the data. Also, the increased precision on m
t
with respect to the indirect
determination improves the possibility of constraining the Higgs massm
H
from the
electroweak data. On this respect it is interesting to recall that the large value of
m
t
has important implications on m
H
both in the minimal Standard Model
4 6
and
in its minimal supersymmetric extension (denoted as MSSM in the following)
7;8
.
I will now discuss the restrictions on m
H
that follow from the CDF value of m
t
.
It is well known
4;5;6
that in the Standard Model with only one Higgs doublet a
lower limit on the Higgs mass m
H
can be derived from the requirement of vacuum
stability. The limit is a function of the top quark massm
t
and of the energy scale 
where the model breaks down and new physics appears. Similarly an upper bound
on m
H




from the requirement that up to




in view of the search for the Higgs at LEP200. Indeed the issue is whether one can





the Standard Model must break down at some scale  > 1 TeV.
The possible instability of the Higgs potential V [] is generated by the quantum
loop corrections to the classical expression of V []. At large  the derivative V
0
[]
could become negative and the potential would become unbound from below. The
one loop corrections to V [] in the Standard Model are well known and change the
dominant term at large  according to 
4






. The one-loop ap-





becomes of order one. The renormalization group improved version of




() where () is the









, with (t) being an anomalous dimen-







As a result, the positivity condition for the potential amounts to the requirement
that the running coupling () never becomes negative. A more precise calculation,
which also takes into account the quadratic term in the potential, conrms that the
requirements of positive () leads to the correct bound down to scales  as low as















+ gauge terms] (1)

















large,  decreases with t
and can become negative. The behaviour of  as a function of log  is shown
5
in




) = 0:118, m
t
= 174 GeV and several values of m
H
. If one requires




GeV, then the resulting bound on m
H















Summarising, we see from Fig. 2 and Eq. (2) that indeed for m
t
> 150 GeV
the discovery of a Higgs particle at LEP200 would imply that the Standard Model




, smaller for lighter Higgs. Actually,
for m
t
 174 GeV, only a small range of values for m
H
is allowed, 130 < m
H
<





limit is from avoiding the Landau pole
9
). As is well known
4
, the lower limit is not
much relaxed even if strict vacuum stability is replaced by some suciently long
metastability. Of course the limit is only valid in the Standard Model with one
doublet of Higgses. It is enough to add a second doublet to avoid the lower limit. A
particularly important example of theory where the bound is violated is the MSSM,
which we now discuss.
As is well known
10
, in the MSSM there are two Higgs doublets, which implies
three neutral physical Higgs particles and a pair of charged higgses. The lightest
neutral higgs, called h, should be lighter than m
Z




increase the h mass by a term proportional to m
4
t
and logarithmically dependent on the s-top mass . Once the radiative corrections
are taken into account the h mass still remains rather small: for m
t
= 174 GeV one





are reasons to expect that m
h
is well below the bound. In fact, if h
t
is large at the
GUT scale, which is suggested by the large observed value ot m
t
and by a natural
on-setting of the electroweak symmetry breaking induced by m
t
, then at low energy
a xed point is reached in the evolution of m
t
12
. The xed point corresponds to
m
t





the xed point situation is realised, then m
h
is considerably below the bound, as
shown in Fig. 4
8
.
In conclusion, for m
t
 174 GeV, we have seen that, on the one hand, if a Higgs
is found at LEP the Standard Model cannot be valid up to M
P lanck
. On the other
hand, if a Higgs is found at LEP, then the MSSM has good chances, because this
model would be excluded for m
h
> 130 GeV.
2. Precision Electroweak Data and the Standard Model
For the analysis of electroweak data in the Standard Model one starts from the











) are only approximately determined while m
H
is
largely unknown. With respect to m
t
the situation has much improved with the
CDF observation of the top quark
1;13
. Then one computes the radiative corrections
14;15
to a sucient precision to match the experimental capabilities, compares the
theoretical predictions and the data for the numerous observables which have been
measured, checks the consistency of the theory and derives constraints on m
t
and
hopefully also on m
H
. The light quark masses m
flight
enter in the large logs that
determine the running of  from the very small momenta where it is dened up
to m
Z
. By using a dispersion relation, the relevant contribution to the vacuum
polarization function of the photon can be directly obtained [16] from the exper-




annihilation at energies below
m
Z




), in a specied denition for this quantity, is
(m
Z
) = (128:87  0:12)
 1
. The error quanties the theoretical ambiguity associ-
ated to m
flight
for precision tests of the Standard Model (the largest source of error









Recently there has been some additional progress
17
in the control of radiative
corrections by new computations of some potentially dominant higher-loop eects:







in the Z ! b

















and, for some renements, in
r and 
20








in  (Z ! hadrons)
21
. The impact
of these new additions is a shift upward of 2{3 GeV in the tted central value of
m
t








) corrections to  have also been computed
22
.










Actually there are two types of radiative corrections: those needed to extract






and so on (typically those required for the
Bhabha luminometry, for the QED deconvolution, etc) and those used for comput-
ing the Standard Model predictions and compare them with the data. The above
renements have to do with the latter type, which received most of the attention in
recent times. In view of the increased precision foreseen in the last phase of LEP1,
discussed by Pepe-Altarelli
23
, one should perhaps also reconsider the rst type of








The experimental values, presented at the Glasgow Conference
27
, of the most
relevant observables are collected in Table 1, together with, for comparison, their
values at the '93 Marseille Conference
28
. The important experimental news are the
following ones.
 The LEP experiments presented the complete results of the '93 run
27
: 3
million new Z events to make a total of 8 million Z's. A scanning of the
resonance was done in '93, by running not only at the peak but also 2 GeV























 The SLD experiment at SLAC has presented
29
a new precise result on the
left{right asymmetry, A
LR
, based on about 5  10
4
Z's with a longitudinally
polarized e
 





diers by almost 3 from the combined LEP value obtained from all the
asymmetries (0:2321  0:0004). Note that the quantity A
e
shown in Table 1
and measured at LEP from the angular distribution of the  polarization
27












 New precise measurements of m
W
have been performed by CDF and D0. The
value in Table 1 is the updated average of the CDF, D0 and UA2 results
1
.
Complete Standard Model ts were presented by the LEP experiments
2;27
. Due to
the large discrepancy between LEP and SLD it is questionable whether or not the
SLD result should be included in the combination. We present the results for both












The set of data used in the text, presented at the Glasgow Conference
27
compared
with the same set at the time of the Marseille Conference
28




(GeV) 91.187  0.007 91.1888  0.0044
 
T


















(nb) 41.56  0.14 41.49  0.12
 
l
(MeV) 83.79  0.28 83.96  0.18
 
h
(MeV) 1740  6 1745.9  4.0
 
b















0.139  0.014 0.143  0.010
A
e













(all asymmetries, LEP) 0.0712  0.0028 0.0716  0.0020
A
LR






































) = 0:126  0:005  0:002
WITH SLD m
t




) = 0:125  0:005  0:002
where the central values are for m
H
= 300 GeV and the second error is from the
variation of m
H
in the range 60{1000 GeV. We see that the SLD addition shifts m
t















and with the world average of Table 1
32;33
. The quantity R
bh
is about 2 above
the prediction for the central value of m
t
(the value shown in Table 1 is obtained
for the analogous charm ratio R
ch




is not included in the t the value of m
t
is increased by 4{6 GeV. The 
2
prefers
smaller values of m
H
27;35;36
. But within 2 no signicant upper bound on m
H
is
obtained. Actually an interesting bound only appears if SLD is included
27;35;36
:




from SLD is dicult to reconcile with the
LEP widths and forcesm
H
light. Thus I would not take that bound of 400{600 GeV
too seriously at this stage.
5
In a sense my talk could well end here. The LEP/SLD experiments have already
reached a remarkable accuracy of about or below the 0.5% level, yet the Standard
Model passes all precision tests. The value ofm
t
from precision tests is in remarkable
agreement with the CDF value. Concerning the search for new physics, that we
discuss in the following, the consequence is that, by now, only those extensions of
the Standard Model can survive that very delicately perturb its basic framework.
3. Update of the Epsilon Analysis
Recently we have proposed
37;38
a general strategy for the analysis of precision
electroweak tests in view of the search for new physics beyond the Standard Model.
Our method is more complete and less model-dependent than the similar approach
based on the variables S; T and U ,
39 42
which, from the start, necessarily assumes
dominance of vacuum polarization diagrams from new physics and truncation of the
q
2













, that are precisely measured









are dened in Ref.
38

















). In the Standard Model, for all observables at the
Z pole, the whole dependence on m
t
arising from one-loop diagrams only enters
through the epsilons. The same is true for any extension of the Standard Model
such that all possible deviations only occur through vacuum polarization diagrams
and/or the Z ! b

b vertex. As discussed in detail in Ref.
38
, for such a model one
can compare the theoretical predictions with the experimental determination of the
epsilons as obtained from the whole set of LEP data. If a model does not satisfy this
requirement then the comparison is to be made with the epsilons determined from
the dening variables only, or with some more limited enlargement of the same set,
depending on the particular case. For example, if lepton universality is maintained,
then the data on A
l
FB





lepton asymmetries (see, e.g., the following section on extended gauge models).
The epsilons represent an ecient parametrization of the small deviations from
what is solidly established in a way that is unaected by our relative ignorance
of m
t
. The variables S; T; U depend on m
t
because they are dened as deviations





the epsilons are dened with respect to a reference approximation which does not
depend on m
t
. In fact the epsilons are dened in such a way that they are exactly
zero in the Standard Model in the limit of neglecting all pure weak loop-corrections
(i.e. when only the predictions from the tree level Standard Model plus pure QED
and pure QCD corrections are taken into account). This very simple version of the
y
Here we resume the notation 
i





(the index N , for \new", had been inserted to signal some small dierences with




improved Born approximation is a good rst approximation
38;43;44
, according to
the data. Values of the epsilons in the Standard Model are given in Table 2.





with the LEP results on the charged lep-
ton partial width and the forward{backward asymmetry, all given in Table 1, and












= 0:0760  0:0036 or s
2
W












= (3:3  3:0) 10
 3
(5)
Finally, by adding the value of R
bh












is dened through  
b
but is measured via R
bh
and the expression of
R
bh
as function of 
b








) = 0.118, (m
Z
) = 1/128.87




























(GeV) 65 300 1000 65 300 1000 65 300 1000
140 2.93 2.25 1.1  6.46  6.07  5.86 4.88 6.21 6.85  3.71
150 3.72 3.0 1.84  6.8  6.38  6.15 4.81 6.12 6.75  4.48
160 4.56 3.81 2.63  7.13  6.7  6.45 4.74 6.03 6.65  5.3
170 5.47 4.68 3.47  7.48  7.03  6.76 4.68 5.95 6.57  6.15
180 6.43 5.6 4.36  7.84  7.36  7.07 4.63 5.88 6.49  7.05
190 7.44 6.57 5.29  8.23  7.71  7.39 4.58 5.81 6.41  7.99
200 8.53 7.6 6.27  8.64  8.08  7.72 4.54 5.76 6.35  8.98
210 9.67 8.69 7.3  9.08  8.47  8.08 4.51 5.72 6.29  10.0




plane is compared with the

























. In Fig. 6 the experimental value of 
2
is compared
with the Standard Model prediction as a function of m
t
and there is consistency
at all practical values of m
t
. Note that 
2





measurements of this quantity are needed in order to make this test more stringent.
Finally, in Fig. 7 we compare the experimental value of 
b
with the Standard Model
prediction. Here we see that 
b
prefers small values of m
t
. This result is a simple
and direct consequence of the fact that the measured value of R
bh
is a bit high (for
m
t
 170 GeV,  
b
is about 2 larger than the Standard Model prediction).
To proceed further, and include other measured observables in the analysis we
need to make some dynamical assumptions. The minimum amount of model de-













). At this stage, one is simply relying on lepton
universality. With essentially the same assumptions one can also include the data
on the b-quark forward{backward asymmetry A
b
FB




almost unaected by the Z ! b

b vertex correction.




obtained from the whole set of asymmetries measured at LEP and we get the value






are modied according to

1












= (1:7  4:6) 10
 3
: (7)




plane that correspond to the
data with and without A
LR
from SLD.
All observables measured on the Z peak at LEP can be included in the analysis
provided that we assume that all deviations from the Standard Model are only
contained in vacuum polarization diagrams (without demanding a truncation of the
q
2
dependence of the corresponding functions) and/or the Z ! b

b vertex. Note that





only one combination of them is measured in  
b
, while, as already mentioned, A
b
FB
is nearly independent of the Z ! b

b vertex.
























by the LEP experiments
47
, while we have considered the additional information on
R
bh
and x as independent) we obtain (SLD is also included):

1












= ( 0:2 4:1)  10
 3
: (8)












is shown in Figs. 9, 10 and 11, respectively. We see that the inclusion of all LEP
quantities does not change the epsilons very much. Note that 
b
moves in the













), which also depend on 
b
, are normal.
To include in our analysis lower energy observables as well, a stronger hypothesis
needs to be made: vacuum polarization diagrams are allowed to vary from the Stan-





a likely picture, e.g. in technicolour theories
48 50
. In such a case, one can, for
example, add to the analysis the ratio R

of neutral to charged current processes in
deep inelastic neutrino scattering on nuclei
30
, the \weak charge" Q
W
measured in
atomic parity violation experiments on Cs
31








(the nal result of CHARM-II corresponds to s
2
W
= 0:2324  0:0086).
In this way one obtains the global t (also including SLD):

1












= (0:2  4:0) 10
 3
: (9)
With the progress of LEP the low energy data, while important as a check that
no deviations from the expected q
2





plot for all data is shown in Fig. 12. Note that the present ambiguity
on the value of (m
Z
) = (128:87  0:12)
 1 16
corresponds to an uncertainty on 
3







the theoretical error is still comfortably less than the experimental error but the





Eq. (9) are compared with the Standard Model predictions in Figs. 6 and 7. The
tted value of 
b




) that we have taken as











= 2:6  4:8 (to x R
bh




















) and closely keep their values in Eq. (8).
To conclude this section, I would like to add some comments. As is clearly
indicated in Figs. 5{12 there is by now a solid evidence for departures from the
\improved Born approximation" where all the epsilons vanish. In other words a
strong evidence for the pure weak radiative corrections has by now been obtained
and LEP/SLC are now measuring the various components of these radiative cor-
rections. One of the explicit goals of precision electroweak tests has been achieved.
Some authors
52
have studied the sensitivity of the data to a particularly interest-
ing subset of the weak radiative corrections, i.e. the purely bosonic part. These
terms arise from a virtual exchange of gauge bosons and Higgses. The result is that
9
indeed the measurements are suciently precise to require the presence of these
contributions in order to t the data.
4. Beyond the Standard Model: Specic Examples
We now concentrate on a number of well-known extensions of the Standard
Model which not only are particularly important per se but are interesting also in
that they clearly demonstrate the constraining power of the present level of precision
tests.
4.1. Technicolour
It is well known that technicolour models
48 50
tend to produce large and positive
corrections to 
3
. As the central value of 
3
went up with time, one might imagine
that the experimental problems of technicolour with respect to electroweak tests







are compared with the predictions of a class of simple versions
of technicolour models, one realizes, that the experimental errors on 
3
are by now
small enough for these models to remain clearly disfavoured with respect to the
Standard Model.
Secondly, it has been shown recently
53
that the data on 
b
also produce evidence
against technicolour models. The same mechanism that in extended technicolour
generates the top quark mass also leads to large corrections to the Z ! b

b vertex
that have the wrong sign. For example, in a simple model with two technidoublets
(N
TC


























where  and 
0
are Clebsch-like coecients, expected to be of order 1. The eect
is even larger for larger N
TC
. In a more sophisticated version of the theory, the
so-called \walking" technicolour
54
, where the relevant coupling constants walk (i.e.
they evolve slowly) instead of running, the result is somewhat smaller
55
but still
gigantic. Recently it was shown
56
that in order to avoid this bad prediction one
could endow the extended technicolour currents with a non-trivial behaviour under
the electroweak group.
In conclusion, it is dicult to really exclude technicolour because it is not a
completely dened theory and no realistic model could so far be built out of this





 0, which are both disfavoured by experiment.
4.2. Minimal Supersymmetric Standard Model (MSSM)
Contrary to technicolour, the MSSM
10;11;57;58
is a completely specied, consis-
tent and computable theory. There are too many parameters to attempt a direct
10
t of the data to the most general framework. So in Ref.
59
we restricted ourselves
to two signicant limiting cases: the \heavy" and the \light" MSSM.
The \heavy" limit corresponds to all sparticles being suciently massive, still
within the limits of a natural explanation of the weak scale of mass. In this limit
a very important result holds
60
: for what concerns the precision electroweak tests,
the MSSM predictions tend to reproduce the results of the Standard Model with a





In the \light" MSSM option some of the superpartners have a relatively small
mass, close to their experimental lower bounds. In this case the pattern of radia-
tive corrections may sizeably deviate from that of the Standard Model. The most
interesting eects occur in vacuum polarization amplitudes and/or the Z ! b

b ver-
tex and therefore are particularly suitable for a description in terms of the epsilons
(because in such a case, as explained in Ref.
38
, the predictions can be compared
to the experimental determination of the epsilons from the whole set of LEP data).
They are:
i) A threshold eect in the Z wave function renormalization
60
mostly due to
the vector coupling of charginos and (o-diagonal) neutralinos to the Z it-





























prime denoting a derivative with respect to q
2
(i.e. a contribution to a




























, so that all of them are reduced by a comparable amount. Cor-
respondingly all the Z widths are reduced without aecting the asymmetries.
This eect can be signicant but requires the lightest chargino to have a mass
close to the experimental lower limit of 45 GeV.
ii) A positive contribution to e
1
from the virtual exchange of the scalar top and
bottom superpartners
61
, analogous to the contribution of the top{bottom
quark doublet. The needed isospin splitting requires one of the two scalars
(in the MSSM the stop) to be light.
iii) A negative contribution to 
b
due to the virtual exchange of a charged Higgs
62
.









expectation values of the Higgs doublets giving masses to the down and up











iv) A positive contribution to 
b
due to virtual chargino{stop exchange
63
, which is





. This eect again requires the chargino
and the stop to be light in order to be sizeable.













in the MSSM in the form of scatter plots
59
. The ellipses are the 1 contours
11
obtained from the present combined LEP experimental data (with the addition of






. The theoretical points in each plot are for xed
m
t
= 174 GeV. The Standard Model prediction as a function of m
H
is shown by
two black stars corresponding to m
H
= 50 GeV and 1000 GeV, connected by a line.
The MSSM scatter plot is obtained for tan  > 1 (which is relevant to the eects
described in (iii) and (iv) above), the charged Higgs massm
H
+
> 100 GeV (relevant
for (iii)) the lightest stop and the approximately degenerate sbottom masses (rele-
vant to (ii) and (iv)), m
stop
> 50 GeV and m
sbottom
> 150 GeV. This last constraint
requires an additional qualication. In the mass matrix of the two top superpart-




. This constrains the
relative stop{sbottom splitting when m
sbottom
gets large; and consequently the size
of the eect on 
1








> 48 GeV, while the white stars, which by superposition form a dark
area, refer to m

+
>60 GeV. In Figs. 14{16 the dark area leans towards the heavy
MSSM while the white bullets are from the (very) light MSSM. As apparent from
Figs. 14{16, the dierences between the theoretical predictions of the Standard
Model and of the MSSM are not large in comparison with the present accuracy of
the experiments, but they will become more important with the increase of statis-
tics at LEP. The possibility of curing the 
b
discrepancy by light charginos and stop
exchange appears as rather marginal. According to recent analyses
8;64
, this is even
more true if the additional constraints from the observed rate of b! s processes
and the indications from supersymmetric Grand Unication are taken into account.
The most likely possibility, if the MSSM is right, is that the discrepancy will fade
away at least in great part.
In conclusion, the present electroweak data are well consistent with the MSSM.
As the present data are very constraining, this statement is highly non-trivial. In
its heavy version, the pattern of radiative corrections predicted by the MSSM is in
practice indistinguishable from that obtained from the Standard Model with a light
Higgs. Sizeable departures from the Standard Model arise in the MSSM if a light
gaugino and a light stop exist, with masses close to their experimental bounds and
such as to make them visible at LEP200. The resulting eects are still consistent
with the data on 
3
and can improve the 
b
discrepancy.
4.3. Models with an Extended Gauge Group
In the simplest models with an extra U(1), for a specied denition of that
U(1), i.e. for given couplings to fermions of the associated neutral vector boson
Z
N
, irrespective of assumptions on the new Higgs sector (namely on the heavy
Z
H
mass) two new parameters are introduced, tan  and 
M
65
. The angle 
denes the mixtures of the standard (Z
S
) and the new (Z
N
) vector bosons that
make up the light (Z
L









. The shift 
M
is induced in the  parameter, at tree
12











), with  = 1 + 
M
(we assume that the
breaking of the ordinary SU(2) is induced by Higgs doublets). One has 
M
> 0
because the mixing pushes the lowest state down. If the Z
H
















. More details can be
found in Ref.
66
. Here, for lack of space, we go directly to the results for the class
of models based on E6
67
(with arbitrary orientation of the extra U(1) in the group
space, determined by an angle 
2









. In Fig. 17 the 90%
c.l. bounds on  are plotted for m
t
= 174 GeV, m
H





The dependence on m
t
of the limits on 
0
is very moderate, except in the region
near 
2









), with jj < 0.8% in the least favourable instances.
Similarly the 90% c.l. bounds on the quantity 
M
are displayed in Fig. 18, for the





























 157,174 or 191 GeV is about 0.002, 0.003 or 0.004. We have also studied the
dependence on 
s
in the range 0:111 < 
s
< 0:125. It turns out that, for m
H
=
100 GeV and m
t
 150 GeV, by increasing 
s
by 0.01 the allowed region for 
M
is shifted down by about 0.0015. The bounds for the LR model are in all cases
comparable with those in the E6 models for 
2
large.
One can obtain a pictorial impression of the comparison with the Standard
Model by using the epsilon variables. As discussed in Ref.
37







receive the additional contributions (with respect to the Stan-
dard Model). In Fig. 19 we plot, for m
t
= 174 GeV, m
H
= 300 GeV and 
s
=













in Table 1. The solid lines, for each dot, show the 1 variation due to , while
the dashed lines span 1 in . The result for the LR model also appears in the
gures, marked by a box symbol. The corresponding Standard Model point is also
shown, together with the ellipse of the experimental data (with 1 projections on

















obtained by combining all the asymmetries.
In general, there is no substantial improvement in going from the Standard Model
to the extended gauge models. Finally, the variable 
b
is not particularly relevant
in the present context because, in all extended gauge models we consider, all the
couplings are family-independent. Thus, whatever correction to the Z ! b

b vertex
would also aect all down quark vertices by the same amount. Since the accuracy
of the data on  
b
is relatively modest, we cannot adjust the value of  
b
without at
the same time spoil the agreement with the other hadronic observables.
In summary, the data collected at LEP on the Z peak impose very severe con-
straints on the mixings of a non-standard Z
0
. At present, the Standard Model is in
such good agreement with the data that no indication for additional corrections is
found, at least for unspecied m
t
. In fact, only a very small amount of mixing is
13
allowed, with  always less than 1%.
5. Conclusion and Outlook
With the progress of the LEP programme the electroweak precision tests have
become extremely constraining. There is at the moment perfect agreement with
the Standard Model. A quite restricted range of m
t
is indicated by the data and
this range is in perfect agreement with the CDF value. Similarly, tight bounds
on all conceivable forms of new physics are also obtained. We have considered a
few particularly important examples. Technicolour theories are not in better shape
now in spite of the fact that the 
3
decit has disappeared from the data, because
of the smaller errors and the problem with 
b
. The MSSM is the hardest-to-beat
model of new physics because it only makes the Standard Model more stable and
robust, without disrupting its structure. It predicts corrections that are in most
cases smaller than present errors, unless some of the spartners are very light. In
models with extended gauge structure the amount of allowed mixing of the observed
Z with the non-standard component must be below 1%.
For the near future a lot more luminosity will be collected in the '94 and '95 runs.
Actually, LEP is at present running very well and the expectation of 60 pb
 1
in '94
is going to be fullled and possibly even surpassed. In '95, it is still to be decided
whether to run only at the peak or to perform an additional scan. This important
issue was discussed in detail by Pepe-Altarelli in her talk
23
. The conclusion was
that the scanning is certainly convenient from the point of view of precision tests
of the electroweak theory, provided that the energy calibration error from LEP
can be brought down (as appears to be feasible) to a level of  
Z
= 1{2 MeV.











without or with scanning from LEP alone, and down
to 1:0  10
 3
with scanning and also including SLC, i.e. close to the theoretical
limit of 
3
= 0:7  10
 3




It is pleasure for me to thank Prof. B. Ward for his kind invitation, R. Casal-
buoni, F. Caravaglios, S. De Curtis, M. Martinez, M. Pepe-Altarelli for their qual-
ied help in preparing the material for this talk, and R. Barbieri, D. Bardin,
O. Nicrosini and G. Passarino for important interactions.
6. REFERENCES
1. L. Nodulman, these Proceedings.
2. A. Blondel, these Proceedings.
3. W. Hollik, these Proceedings.
4. M. Sher, Phys. Rep. 179 (1989) 273, Phys. Lett. B317 (1993) 159.
14
5. G. Altarelli and G. Isidori, CERN preprint CERN-TH.7351/94 (1994).
6. J.A. Casas, J.R. Espinosa and M. Quiros, Preprint Instituto de Estructura
de la Materia, Madrid, IEM-FT-93/94.
7. J.A. Casas et al., CERN preprint CERN-TH.7334/94 (1994).
8. M. Carena and C.E.M. Wagner, CERN preprint CERN-TH.7393/94 (1994).
9. See, for example, M. Lindner, Z. Phys. 31 (1986) 295.
10. H.P. Nilles, Phys. Rep. C110 (1984) 1;
H.E. Haber and G.L. Kane, Phys. Rep. C117 (1985) 75;
R. Barbieri, Riv. N. Cim. 11 (1988) 1.
11. H. Haber and R. Hemping, Phys. Rev. Lett. 66 (1991)1815;
J. Ellis, G. Ridol and F. Zwirner, Phys. Lett. B257 (1991) 83;
Y. Okado, M. Yamaguchi and T. Yanagida, Progr. Theor. Phys. Lett. 85
(1991) 1;
R. Barbieri, F. Caravaglios and M. Frigeni, Phys. Lett. B258 (1991) 167;
For a two-loop improvement, see also R. Hemping and A.H. Hoang, Phys.
Lett. B331 (1994) 99.
12. P. Langacker, these Proceedings.
13. CDF Collaboration, F. Abe et al., FERMILAB-PUB-94/097-E (1994).
14. G. Altarelli, R. Kleiss and C. Verzegnassi (eds.), Z Physics at LEP1 (CERN
89-08, Geneva, 1989), Vols. 1{3.
15. V. Novikov, L. Okun and M. Vysotsky, Nucl. Phys. B397 (1993) 35; CERN
preprints CERN-TH.6696/92 (1992), CERN-TH.6855/93 (1993); Phys. Lett.
299 (1993) 329; ITEP 104-92 (1992).
16. H. Burkhardt, F. Jegerlehner, G. Penso and C. Verzegnassi, Z. Phys. C43
(1989) 497;
F. Jegerlehner, in Proceedings of the 1990 Theoretical Advanced Study In-
stitute in Elementary Particle Physics, ed. by P. Langacker and M. Cvetic
(World Scientic, Singapore, 1991), p. 476.
17. B. Kniehl, these Proceedings.
18. R. Barbieri, M. Beccaria, P. Ciafaloni, G. Curci and A. Vicere, Phys. Lett.
B288 (1992) 95 and CERN preprint CERN-TH.6713/92 (1992);
A. Denner, W. Hollik and B. Lampe, CERN preprint CERN-TH.6874/93
(1993).
19. J. Fleischer, F. Jegerlehner, P. Raczka and O.V. Tarasov, Phys. Lett. B293
(1992) 437;
G. Buchalla and A.J. Buras, Munich preprint MPI-PTh/111-92 (1992),
TUM-T31-36/92 (1992);
G. Degrassi, Padua preprint DFPD 93/TH/03 (1993).
20. S. Fanchiotti, B. Kniehl and A. Sirlin, CERN preprint CERN-TH.6749/92
(1992).
21. K.G. Chetyrkin and J.H. Kuhn, Phys. Lett. B248 (1990) 359;
K.G. Chetyrkin, J.H. Kuhn and A. Kwiatkowski, Phys. Lett. B282 (1992)
221.
22. L. Avdeev et al., Bielefeld preprint, BI-TP-93/60 (1994);
15
J. Fleischer, these Proceedings.
23. M. Pepe-Altarelli, these Proceedings.
24. B. Pietrzyk, these Proceedings.
25. S. Jadach, these Proceedings.
26. E. Kuraev, these Proceedings.
27. D. Schaile, Proceedings of the Glasgow Conference, July 1994;
see also the LEP collaborations and the LEP Electroweak Working Group,
CERN PPE preprint in preparation.
28. J. Lefrancois, Proceedings of the EPS Conference on High Energy Physics,
Marseille Conference, July 1993.
29. P. Rowson, these Proceedings.
30. CHARM Collaboration, J.V. Allaby et al., Phys. Lett. B177 (1986) 446; Z.
Phys. C36 (1987) 611;
CDHS Collaboration, H. Abramowicz et al., Phys. Rev. Lett. 57 (1986) 298;
A. Blondel et al., Z. Phys. C45 (1990) 361;
CCFR Collaboration, A. Bodek, Proceedings of the EPS Conference on High
Energy Physics, Marseille, 1993.
31. M.C. Noecker et al., Phys. Rev. Lett. 61 (1988) 310;
M.A. Bouchiat, Proceedings of the 12th International Atomic Physics Con-
ference (1990).
32. See talks by S. Bethke and by A. Kataev, these Proceedings.
33. G. Altarelli, CERN preprint CERN-TH.7246/94 (1994), Proceedings of the
Rencontres du Vietnam, Hanoi, 1993.
34. R. Clare, these Proceedings.
35. J. Ellis, G.L. Fogli and E. Lisi, CERN preprint CERN-TH.7261/94 (1994).
36. G. Montagna et al., Phys. Lett. B335 (1994) 484.
37. G. Altarelli, R. Barbieri and S. Jadach, Nucl. Phys. B369 (1992) 3.
38. G. Altarelli, R. Barbieri and F. Caravaglios, Nucl. Phys. B405 (1993) 3.
39. M.E. Peskin and T. Takeuchi, Phys. Rev. Lett. 65 (1990) 964 and Phys.
Rev. D46 (1991) 381.
40. G. Altarelli and R. Barbieri, Phys. Lett. B253 (1990) 161;
B.W. Lynn, M.E. Peskin and R.G. Stuart, SLAC-PUB-3725 (1985); in
Physics at LEP, J. Ellis and R. Peccei, eds. (CERN 86-02, Geneva, 1986),
Vol. I, p. 90.
41. B. Holdom and J. Terning, Phys. Lett. B247 (1990) 88;
D.C. Kennedy and P. Langacker, Phys. Rev. Lett. 65 (1990) 2967 and Univ.
of Pennsylvannia preprint UPR-0467T;
B. Holdom, Fermilab 90/263-T (1990);
A. Ali and G. Degrassi, DESY preprint DESY 91-035 (1991);
E. Gates and J. Terning, Phys. Rev. Lett. 67 (1991) 1840;
E. Ma and P. Roy, Phys. Rev. Lett. 68 (1992) 2879;
G. Bhattacharyya, S. Banerjee and P. Roy, Phys. Rev. D45 (1992) 729.
42. M. Golden and L. Randall, Nucl. Phys. B361 (1991) 3;
M. Dugan and L. Randall, Phys. Lett. B264 (1991) 154;
16
A. Dobado et al., Phys. Lett. B255 (1991) 405;
J. Layssac, F.M. Renard and C. Verzegnassi, Preprint UCLA/93/TEP/16
(1993).
43. V. Novikov, L. Okun and M. Vysotksy, Mod. Phys. Lett. A8 (1993) 2529;
V.A. Novikov et al., CERN preprint CERN-TH.7217/94 (1994).
44. M. Vysotsky, Proceedings of the Glasgow Conference, July 1994.
45. ZFITTER: D. Bardin et al., CERN preprint CERN-TH. 6443/92 (1992) and
refs. therein.
46. TOPAZ0: G. Montagna et al., Nucl. Phys. B401 (1993) 3, Comput. Phys.
Commun. 76 (1993) 328.
47. The LEP Collaborations and the LEP Electroweak Working Group, CERN
PPE preprint in preparation.
48. S. Weinberg, Phys. Rev. D13 (1976) 974 and Phys. Rev. D19 (1979) 1277;
L. Susskind, Phys. Rev. D20 (1979) 2619;
E. Farhi and L. Susskind, Phys. Rep. 74 (1981) 277.
49. R. Casalbuoni et al., Phys. Lett. B258 (1991) 161;
R.N. Cahn and M. Suzuki, LBL-30351 (1991);
C. Roisnel and Tran N. Truong, Phys. Lett. B253 (1991) 439;
T. Appelquist and G. Riantaphylou, Yale Univ. preprint YCTP-p. 49{91
(1991);
T. Appelquist, Proceedings of the Rencontres de la Vallee d'Aoste, La Thuile,
Italy, 1993.
50. J. Ellis, G.L. Fogli and E. Lisi, CERN preprint CERN-TH.6383/92 (1992).
51. The CHARM II Collaboration, R. Berger, Proceedings of the EPS Confer-
ence on High Energy Physics, Marseille, 1993.
52. S. Dittmaier et al., University of Bielefeld preprint BI-TP 94/09;
D. Schildknecht, University of Bielefeld preprint BI-TP 94/18;
S. Dittmaier et al., University of Bielefeld preprint BI-TP 94/31;
P. Gambino and A. Sirlin, New York University Preprint NYU-TH-94/04/01.
53. R.S. Chivukula, S.B. Selipsky and E.H. Simmons, Phys. Rev. Lett. 69 (1992)
575.
54. B. Holdom, Phys. Lett. 105 (1985) 301;
K. Yamawaki, M. Bando and K. Matumoto, Phys. Rev. Lett. 56 (1986)
1335;
V.A. Miransky, Nuovo Cim. 90A (1985) 149;
T. Appelquist, D. Karabali and L.C.R. Wijewardhana,Phys. Rev. D35
(1987) 389; 149;
T. Appelquist and L.C.R. Wijewardhana, Phys. Rev. D35 (1987) 774; Phys.
Rev. D36 (1987) 568.
55. R.S. Chivukula et al., Preprint BUHEP-93-11 (1993).
56. R.S. Chivukula, E.H. Simmons and J. Terning, Preprint BUHEP-94-08
(1994).
57. E. Eliasson, Phys. Lett. 147 (1984) 67;
S. Lim et al., Phys. Rev. D29 (1984) 1488;
17
J. Grifols and J. Sola, Nucl. Phys B253 (1985) 47;
B. Lynn et al., as in Ref. 40;
R. Barbieri et al., Nucl. Phys. B341 (1990) 309;
P. Gosdzinsky and J. Sola, preprint UAB-FT-247/90 (1990);
M. Drees, K. Hagiwara and A. Yamada, DESY preprint DTP/91/34 (1991);
J. Ellis, G. Fogli and E. Lisi, CERN preprint CERN-TH.6642/92 (1992);
J. Lopez et al., Texas Univ. preprint CTP.TAMU/19/93 (1993).
58. R. Barbieri, S. Ferrara and C. Savoy, Phys. Lett. 119B (1982) 343;
P. Nath, R. Arnowitt and A. Chamseddine, Phys. Rev. Lett. 49 (1982) 970.
59. G. Altarelli, R. Barbieri and F. Caravaglios, Phys. Lett. B314 (1993) 357.
60. R. Barbieri, F. Caravaglios and M. Frigeni, Phys. Lett. B279 (1992) 169.
61. R. Barbieri and L. Maiani, Nucl. Phys. B224 (1983) 32;
L. Alvarez-Gaume, J. Polchinski and M. Wise, Nucl. Phys. B221 (1983)
495.
62. W. Hollik, Mod. Phys. Lett. A5 (1990) 1909.
63. A. Djouadi et al., Nucl. Phys. B349 (1991) 48;
M. Boulware and D. Finell, Phys. Rev. D44 (1991) 2054. The sign discrep-
ancy between these two papers appears to be now sorted out in favour of the
second one.
64. J.D. Wells, C. Kolda and G. L. Kane, University of Michigan preprint UM-
TH-94-23.
65. G. Altarelli, R. Casalbuoni, S. De Curtis, F. Feruglio and R. Gatto, Mod.
Phys. Lett. A5 (1990) 495; Nucl. Phys. B342 (1990) 15; Phys.Lett. B235
(1990) 669;
G. Altarelli, R. Casalbuoni, S. De Curtis, N. Di Bartolomeo, F. Feruglio and
R. Gatto, Phys. Lett. B263 (1991) 459;
A. Chiappinelli, Phys. Lett. B263 (1991) 287;
M.C. Gonzalez-Garcia and J.W.F. Valle, Phys. Lett. B259 (1991) 365;
F. Del Aguila, W. Hollik, J.M. Moreno and M. Quiros, Nucl. Phys. B372
(1992) 3;
P. Langacker and M. Luo, Phys. Rev. D45 (1992) 278;
J. Layssac, F.M. Renard and C. Verzagnassi, Z. Phys. C53 (1992) 114;
A. Leike, S. Riemann and T. Riemann, Phys. Lett. B291 (1992) 187;
E. Nardi, E. Roulet and D. Tommasini, Phys. Rev. D46 (1992) 3040.
66. G. Altarelli, R. Casalbuoni, S. De Curtis, N. Di Bartolomeo, R. Gatto and
F. Feruglio, Phys. Lett. B318 (1993) 139.
67. R.W. Robinet and J.L. Rosner, Phys. Rev. D26 (1982) 2396;
E. Witten, Nucl. Phys. B258 (1985) 75;
M. Dine, V. Kaplunovsky, M. Mangano, C. Nappi and N. Seiberg, Nucl.
Phys. B259 (1985) 519;
S. Cecotti, J.-P. Derendinger, S. Ferrara, L. Girardello and M. Roncadelli,
Phys. Lett. 156B (1985) 318;
J.D. Breit, B.A. Ovrut and G. Segre, Phys. Lett. 158B (1985) 33;
E. Cohen, J. Ellis, K. Enqvist and D.V. Nanopoulos, Phys. Lett. 165B
18
(1985) 76;
J. Ellis, K. Enqvist, D.V. Nanopoulos and F. Zwirner, Nucl. Phys. B276
(1986) 14; Mod. Phys. Lett. A1 (1986) 57;
F. Del. Aguila, G. Blair, M. Daniel and G.G. Ross, Nucl. Phys. B272 (1986)
413;
D. London and J.L. Rosner, Phys. Rep. 34 (1986) 1530;
G. Belanger and F. Godfrey, Phys. Rev. D35 (1987) 378;
L. Iba~nez and J. Mas, Nucl. Phys. B286 (1987) 107.
68. J.C. Pati and A. Salam, Phys. Rev. D10 (1974) 275;
R.N. Mohapatra and J.C. Pati, Phys. Rev. D11 (1975) 566 and ibid. 2559;
G. Senjanovic and R.N. Mohapatra, Phys. Rev. D12 (1975) 152;
G. Senjanovic, Nucl. Phys. B153 (1979) 334;
R.W. Robinet and J.L. Rosner, Phys. Rev. D25 (1982) 3035;
C.N. Leung and J.L. Rosner, Phys. Rev. D29 (1982) 2132.
Fig. 1: Plot of () for m
t








Fig. 2: Limits on m
H




Fig. 3: Plot of m
h
(the mass of the lightest MSSM Higgs particle) as a function of tan  for m
t
= 170 GeV and m
S
= 1 TeV (m
S
is the scale of supersymmetry breaking, or the diagonal
entry of the stop mass matrix)
7
. The dashed and solid lines specify the variation with the
stop mixing parameter.
Fig. 4: The thick bands provide a scatter plot ofm
h
as a function ofm
t
when tan  is determined
from m
t





upper curve is the general upper bound, irrespective of the xed-point relation.
















Fig. 6: The 1 data on 
2









compared with the Standard Model predictions as functions ofm
t
for the indicated values of
m
H
. The arrows indicate the experimental 1 band from the t in Eq. (9) to all electroweak
data.
Fig. 7: The 1 data on 
b











(actually the data onR
bh
are used) compared with the Standard Model predictions
as functions of m
t
. The arrows indicate the experimental 1 band from the t in Eq. (9)
to all electroweak data.











the asymmetries (see Table 1), both with SLD included or not, compared with the Standard

























derived from all the asymmetries (see Table 1), both with SLD included or not,


























derived from all the asymmetries (see Table 1), both with SLD included or not,

























derived from all the asymmetries (see Table 1), both with SLD included and










obtained from all the data also including the low energy






Fig. 13: The same as Fig. 12 but with the predictions of simple technicolour models (for m
t
=








are the numbers of colours, techni-
colours and techniavours, respectively.
Fig. 14: 
3






= 174 GeV (updated from Ref.
59
). The ellipse is the
1 contour from all high energy data (m
W
+ LEP + SLD). The Standard Model prediction
as a function ofm
H
is shown by two black stars corresponding tom
H
= 50 GeV and m
H
= 1000 GeV connected by a line. The MSSM scatter plot is obtained for tan > 1, the
charged Higgs mass m
H
+
> 100 GeV, the lightest stop and the approximately degenerate
sbottom massesm
stop
> 50 GeV andm
sbottom
> 150 GeV. The white bullets refer to very
light charginos, 60 > m

+
> 48 GeV, while the white stars, which by superposition form
a dark area, refer tom

+




= 100 GeV or1 (i.e. its contributions set to zero), m
stop
= 50 or 200 GeV,
m
sbottom
> 150 GeV and varying the chargino masses in the mentioned ranges.
Fig. 15: The same as Fig. 14, but for 
3
as a function of 
b
.
Fig. 16: The same as Fig. 14, but for 
b
as a function of 
1
.




= 174 GeV, m
H


































obtained by combining all the asymmetries, is shown together with
the Standard Model point. The set of dots corresponds to the best t for dierent 
2
values.
The box symbol corresponds to the LR model. The solid lines, for each dot, show the 1





= 0.118, with m
t
= 174 GeV (updated from
66
).
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